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Description 
[LED DEVICE ] 

Cross Reference to Related Applications 

[0001] This application claims the priority benefit of Taiwan ap- 
plication serial no. 92119488, filed on July 17, 2003. 
Background of Invention 

[0002] Field of the Invention 

[0003] The present invention relates to a semiconductor device 
structure, and more particularly, to an LED (Light Emitting 
Diode) device structure. 

[0004] Description of the Related Art 

[0005] The LED device constituted by a semiconductor material 
of a lll-V group compound is one kind of wide-bandgap 
light emitting device. The spectrum of LED devices covers 
a range from the infrared to the ultraviolet and almost in- 
cludes all bands of the visible light. Recently, along with 
the fast development of the high-brightness blue/green 
GaN-LED, the full-color LED display, the white light LED 



and the LED traffic light become more practical in their 
application fields, and the applications of other types of 
LED are well accepted. 

[0006] FIG. 1 is a schematic sectional view of a conventional LED 
device, and FIG. 2A is a schematic top view of the LED de- 
vice shown in FIG. 1, wherein FIG. 1 corresponds to the I- 
I" sectional view of the device. As shown in FIG. 1 and FIG. 
2A, the conventional LED device includes a substrate 100, 
an N-doped layer 110, a light emitting layer 120 and a P- 
doped layer 130 which three are sequentially stacked and 
defined into a block shape to serve as an active layer 133, 
and an anode 140 on the P-doped layer 130 and a cath- 
ode 150 on the N-doped layer 110. The light emitting ef- 
ficiency of the LED device is dependent on the quantum 
efficiency of the light emitting layer 120 and the light ex- 
traction efficiency of the device. The methods for improv- 
ing the quantum efficiency mainly focus on improving the 
crystallinity of the light emitting layer 120 and the struc- 
tural design of the same. The key point for improving the 
light extraction efficiency is to reduce the energy loss due 
to the total reflection of the light emitted from the light 
emitting layer 120 inside the LED. 

[0007] | n order to cope with the total reflection problem, rough- 



ing the light emitting surface of the LED is an effective 
way, and it is usually performed in a later process. How- 
ever, as shown in FIG. 2A and FIG. 2B, wherein FIG. 2B is a 
schematic magnified view of section II — II" of the LED de- 
vice shown in FIG. 2A, since the active layer 133 has 
smooth sidewalls, most of the side lights emitted by the 
light emitting layer 120 are totally reflected by the side- 
walls to cause a big energy loss. That is, the LED package 
can only utilize the light emitted from the light emitting 
surface, but cannot further utilize the light incident to the 
sidewalls to further improve its total external quantum ef- 
ficiency. 
Summary of Invention 

[0008] | n the light of the above problems, it is a primary object of 
the present invention to provide an LED device whose ac- 
tive layer has rough sidewalls capable of reducing the en- 
ergy loss of the side light emitted by the light emitting 
layer. 

[0009] The LED device provided by the present invention com- 
prises a substrate, a first doped layer of a first conductiv- 
ity type, a light emitting layer, a second doped layer of a 
second conductivity type, and two electrodes. The first 
doped layer is disposed on the substrate, the light emit- 



ting layer is disposed on a portion of the first doped layer, 
and the second doped layer is disposed on the light emit- 
ting layer. The first and the second doped layers and the 
light emitting layer together constitute an active layer. The 
active layer has rough sidewalls capable of preventing to- 
tal reflection of the side light. The two electrodes are dis- 
posed on the first doped layer and the second doped 
layer, respectively. 

[0010] | n addition, in the LED device of the present invention 
mentioned above, the top surface of the second doped 
layer can also be roughed, so as to reduce the energy loss 
due to the total reflection of the front light emitted by the 
light emitting layer inside the LED. 

[° 01 1 ] Since the active layer of the LED device according to the 

present invention has rough sidewalls, the side light is not 
totally reflected by the sidewalls. Therefore, the energy 
loss of the side light emitted by the light emitting layer 
can be reduced. 

[0012] | t j S t0 De understood that both the foregoing general de- 
scription and the following detailed description are exem- 
plary, and are intended to provide further explanation of 

the invention as claimed. 
Brief Description of Drawings 



[0013] The accompanying drawings are included to provide a 

further understanding of the invention, and are incorpo- 
rated in and constitute a part of this specification. The 
drawings illustrate embodiments of the invention, and to- 
gether with the description, serve to explain the principles 
of the invention. 

[0014] FIG. 1 is a schematic sectional view of a conventional LED 
device. 

[0015] FIG. 2A is a schematic top view of the conventional LED 
device shown in FIG. 1. 

[0016] FIG. 2B is a schematic magnified view of section II — II" of 
the conventional LED device. 

[0017] FIG. 3A is a schematic top view of an LED device according 
to a preferred embodiment of the present invention. 

[0018] FIG. 3B is a schematic magnified view of section III — III" of 
the LED device shown in FIG. 3A. 

[0019] FIG. 3C is a schematic sectional view illustrating the result 
of further roughing the active layer surface of the LED de- 
vice. 

Detailed Description 

[0020] Referring to both FIG. 3A and FIG. 3B, which schematically 
show a top view of the LED device according to the pre- 
ferred embodiment of the present invention and a magni- 



fied view of section Ill-Ill" of the same, respectively. As 
shown in FIG. 3A and FIG. 3B, the LED device comprises a 
substrate 300, an N-doped layer 310, a light emitting 
layer 320, a P-doped layer 330, an anode 340, and a 
cathode 350. The N-doped layer 310 is disposed on the 
substrate 300, the light emitting layer 320 is disposed on 
a portion of the N-doped layer 310, and the P-doped 
layer is disposed on the light emitting layer 320. The P- 
doped layer 330, the light emitting layer 320, and the N- 
doped layer 320 together constitute an active layer 333, 
having rough sidewalls capable of preventing total reflec- 
tion of the light incident to the sidewalls (Refer to FIG. 
3A). The anode 340 and the cathode 350 are disposed on 
the P-doped layer 330 and the N-doped layer 310, re- 
spectively. 

[0021] The substrate 300 mentioned above is, for example, a 
sapphire substrate. The N-doped layer 310, the light 
emitting layer 320, and the P-doped layer 330 are made 
from a semiconductor material of a lll-V group com- 
pound, such as GaN, GaP, or GaAsP. The light emitting 
layer 320 is, for example, a light emitting layer having a 
structure of single or multiple quantum wells, so as to im- 
prove the light emitting efficiency. The anode 340 and the 



cathode 350 are made from a metallic material, such as 
Al. 

[0022] The N-doped layer 310, the light emitting layer 320, and 
the P-doped layer 330 having rough sidewalls as men- 
tioned above are formed by stacking three corresponding 
layers with continuous epitaxy of the same lll-V group 
compound and defining them via a lithography process 
and a subsequent etching process. Specifically, after an 
N-doped layer, a light emitting layer and a P-doped layer 
are sequentially formed via a continuous epitaxy process, 
a lithography process is performed. A photomask having a 
rectangular pattern with rough edges thereon is used in 
the lithography process to form a rectangular photoresist 
pattern with the same rough edges on the P-doped layer. 
The shape of the rough edges of the rectangular pattern 
on the photomask or the rectangular photoresist pattern 
is the same as that of the P-doped layer 330 shown in FIG. 
3A, i.e., a wavelike shape. The wavelike shape may be 
considered as the combination of a plurality of semicircu- 
lar bumps. Then, the rectangular photoresist pattern with 
rough edges is used as a mask to anisotropically etch the 
P-doped layer, the light emitting layer and the N-doped 
layer sequentially, so as to form an active layer 333 hav- 



ing rough sidewalls, which is called a MESA. Since the ac- 
tive layer 333 is formed by using a photoresist pattern 
with rough edges as an etching mask in an anisotropic 
etching process, a plurality of pillar-shaped bumps, such 
as the semicircular pillar-shaped bumps shown in FIG. 3A 
and FIG. 3B, are formed on the sidewalls of the active 
layer 333. In other words, it is seen from the top view 
(FIG. 3A) that a plurality of small semicircular bumps are 
formed on the edges of the top surface of the P-doped 
layer 330, wherein each small semicircular bump is the 
top surface of an aforementioned semicircular pillar- 
shaped bump. In addition, because of the mechanism of 
the anisotropic etching process, the two side edges of the 
section Ill-Ill 1 of the active layer 333 perpendicular to the 
top surface of the same are shaped as straight lines, as 
shown in FIG. 3B. 

[0023] Moreover, depending on the variations of the edge shape 
of the pattern on the photomask, the pillar-shaped bump 
formed on the sidewalls of the active layer 333 may be a 
triangular pillar-shaped bump, a tetragonal pillar-shaped 
bump, a polygonal pillar-shaped bump, or even an irreg- 
ular pillar-shaped bump. 

[0024] By the way, in the MESA mentioned above, the P-doped 



layer 330, the light emitting layer 320, and part thickness 
of the N-doped layer 310 on the area where the cathode 
350 is to be formed are removed, so that the cathode 350 
can be coupled to the N-doped layer 310. 

[0025] Furthermore, referring to FIG. 3C and FIG. 3B simultane- 
ously, after the sidewall roughing process implemented 
with the patterning method mentioned above is com- 
pleted, another roughing process may be performed to 
the top surface of the P-doped layer 330, so as to reduce 
the energy loss due to the total reflection of the front light 
emitting by the light emitting layer 320. 

[0026] since the active layer of the LED device according to the 

present invention has rough sidewalls, the side light is not 
totally reflected by the sidewalls, and the energy loss of 
the side light emitted by the light emitting layer can be 
reduced. 

[0027] Although the invention has been described with reference 
to a particular embodiment thereof, it will be apparent to 
one of the ordinary skill in the art that modifications to 
the described embodiment may be made without depart- 
ing from the spirit of the invention. Accordingly, the scope 
of the invention will be defined by the attached claims not 
by the above detailed description. 



